Introduction
115 The location of 25 isolated plots within the 0.6 ha site was determined by: topography/slope, soil 116 texture/drainage assessment, depth to watertable, and soil nutrient analysis. Within the 25 plots 117 (0.9 m by 0.4 m), treatments were randomly assigned in five blocks (Fig 1) . The site had 118 undulating topography with a 6.7% slope along the length of the site and an average slope of 119 3.6% across the site. For textural analysis (pipette method, B.S.1377-2:1990 (BSI, 1990)), 10 120 cm-deep soil samples (n=3) were taken from a 1-m 2 area at the top, middle and bottom of the 0.6
121 ha plot (Fig 1) . Electromagnetic conductivity (characterization to 4 m below ground level (bgl)) 122 and resistivity of the 0.6-ha site were used to infer overall textural and drainage characteristics. ). The median perched 126 watertable depth in three piezometers (top, middle and bottom of slope) was 0.6 m bgl on site.
127 The nutrient status of the soil at these locations (P, potassium (K), and magnesium (Mg)),
128 determined using Morgan's extractant (Morgan, 1941) , are presented in Table 1 . Soil pH (n=3)
129 was determined using a pH probe and a 2:1 ratio of deionised water to soil (Table 1) . Each plot 130 was installed, isolated and instrumented with a runoff collection channel (Fig 1) . A composite 160 with lime (Ca(OH)2). The slurry and amendments were mixed by shaking in 2-L containers for 161 30 s immediately prior to land application. In practice, it is likely that amendments would be 162 mixed with the slurry in storage tanks during slurry agitation, which normally occurs within 24 h 163 of land application. Two days before the first rainfall simulation, slurry and amended slurry were 164 applied directly to the surface of the grassed soil. Slurry application rates were equivalent to 33
165 m 3 slurry ha -1
(42 kg TP ha -1 ), the rate most commonly used in Ireland (Coulter and Lalor, 2008) .
166 Amendments were applied at stoichiometric ratios determined based on results of Brennan et al.
(201 1b)
. Alum was applied at a rate of 1:1 (Al: TP); PAC at a rate of 0.85:1 (Al: TP); and lime at 168 a rate of 3.9:1 (Ca:TP). Land application of treatments was staggered over three days and applied 169 in blocks to allow for the first rainfall event (RS1) two days after land application of slurry. 258 slurry DRP and TP. When total loads were considered, PAC performed better than alum in 259 reducing total loads of DRP. The effects of amendments on P loss were not significant for RS2
260 and RS3, which is likely a result of available P being leached from the soil. 276 clear patterns were observed between treatments and differences were not significant. Total 277 runoff volumes for the study were similar for soil and alum treatments (3990 ml 3930 ml), lower 278 for the slurry treatment (3670 ml) and higher for lime and PAC treatments (4780 ml and 4460
279 ml). The differences observed between treatments were not statistically significant. In the current study, differences in slope of plots were not shown to be significant. All plots had In a homogeneous soil, runoff ratios should increase with VWC. The fact that this relationship 382 was not always found in the current study for soil-only plots may be due to local heterogeneity.
383 After slurry application, this relationship was more evident, which infers that mixing of soil and 384 slurry leads to greater spatial homogeneity of water distribution and saturation. For amended 385 slurry, the higher variability between VWC and runoff ratio (often a variable relationship)
386 suggests that the amendments had a sealing effect. Within the timeframe of this study, it was not 387 possible to assess the long-term effect of amendments on soil physical characteristics. As time Ireland has committed to meeting the requirements of the WFD to achieve at least 'good status'
426 of all surface and groundwater by 2015. While current practices are effective, there will be a 427 time-lag before current changes in farming practices will result in an observable reduction in 428 nutrient losses and a reduction in risk to water quality. The time-lag will be site-specific and 429 while it is likely that in many areas the effects will be shown relatively quickly, there may be a 
